
ABSTRACT 
Background: The limb occlusion pressure (LOP) is determined to calculate the relative LOP. The different levels of relative LOP 
(percentage of LOP) influence the treatment effect and perceived discomfort during low-load blood flow restriction (BFR) strength 
training. Thus, determining the LOP is of the utmost importance when using BFR in clinical practice.

Purpose: The objective of this study was to investigate the concurrent validity and intra-rater (test-retest), intra-day reliability of 
an inexpensive, portable, easy-to-use handheld (HH) oximeter compared to a high-resolution Doppler ultrasound scanner in 
detecting LOP in the lower extremity. 

Study design: Cross-sectional validity and reliability study

Methods: Two raters who were blinded from each other simultaneously assessed 50 healthy participants (mean age of 25.8 years). 
A 20 cm-wide thigh cuff with an attached sphygmomanometer was inflated until the raters independently registered the LOP with 
the HH oximeter and the Doppler ultrasound scanner. The test session was repeated once after a five-minute time interval.

Results: The HH oximeter recorded a non-significantly higher LOP than the Doppler ultrasound scanner, with a mean difference 
of 6.3 mmHg in the test session (95% limits of agreement (LoA): -16.2 to 28.8, p = 0.13) and 5.4 mmHg in the retest session (95% 
LoA: -13.3 to 24.0, p = 0.10). The intra-rater reliability for both devices was moderate (ICC = 0.72-0.79). The measured LOP was 
significantly lower (p < 0.005) in the retest session than in the test session for both the HH oximeter (mean difference: -5.7 
mmHg) and the Doppler ultrasound scanner (mean difference: -4.8 mmHg).

Conclusions: The HH oximeter is a valid and reliable measuring device for determining the LOP in the lower extremity in healthy 

adults. The authors recommend performing at least two LOP measurements with a one-minute rest interval.

Level of Evidence: 2, Validity and reliability study 
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INTRODUCTION
Blood flow restriction with low-load strength train-
ing (BFR-LLST) (20-40% of 1-repetition maximum 
[1RM]) is a novel exercise training modality intended 
to increase muscle hypertrophy and strength in the 
extremities which requires less load than traditional 
strength training (70-80% of 1RM). This exercise 
training modality seems to be highly relevant for 
patients who either are not allowed weight-bear-
ing activities or experience pain during traditional 
strength training.1

BFR-LLST involves the application of a wrapping 
device, such as an inflated tourniquet/cuff or a spe-
cially designed strap,2 to restrict the arterial inflow 
and venous outflow to the muscle(s) during exercise. 
Safety is a common concern raised while perform-
ing BFR exercise, as this type of exercise can nega-
tively affect the cardiovascular system, for example, 
among the elderly and immediately after surgery. 
Some of the specific concerns that have been raised 
include lower extremity muscle pain, nerve dam-
age,3,4 and cardiovascular adverse events, such as 
deep venous thrombosis.5, 6 A factor that can impose 
a safety risk is high limb (arterial) occlusion pres-
sure (LOP) during BFR-LLST, which limits or stops 
the arterial inflow to the muscle(s).4 The LOP is 
defined as the minimum occlusion pressure neces-
sary to stop the flow of arterial blood into the lower 
limb distal to the cuff.7

The relative LOP is a percentage of the estimated 
LOP. In rehabilitation protocols for BFR-LLST, rela-
tive LOP is reported between 40% and 90%.8-10 When 
BFR-LLST is implemented in clinical practice, the 
LOP is commonly not determined.11 Despite this, 
very few adverse events have been reported.12 

The determination of the LOP relies primarily on 
cuff width,13 cuff type,8 and limb circumference.14 
Recently, use of a handheld (HH) Doppler (aus-
cultatory signal) has been proposed as a valid and 
practical method to determine the LOP, compared to 
a pulse wave Doppler ultrasound.15 An alternative, 
inexpensive, portable, and easy method of detecting 
LOP could be the use of a handheld oximeter, which, 
in addition to monitoring an individual’s saturation, 
simultaneously measures the pulse rate. The sensor 
is placed on the index finger or the second toe, and 
LOP is detected when the restrictive pressure from 

the inflated cuff reaches a level where the pulse is 
undetectable on a graphical pulse frequency dis-
play (pulse stop). The validity of an oximeter also 
measuring the pulse rate (Zimmer Biomet, Warsaw, 
IN, United States), compared to that of an HH Dop-
pler ultrasound, exhibited unacceptable accuracy in 
determining the LOP in the lower limb, but not in 
the upper limb, in a healthy population.16 

To use a HH oximeter (CR-100 Handheld Pulse 
Oximeter, Henzhen Coreray Technology Co., Ltd., 
China) for the measurement of LOP, it is crucial to 
assess the clinimetric characteristics, both the valid-
ity and reliability, in healthy adults. Therefore, the 
objective of this study was to compare an HH oxim-
eter with a pulse wave Doppler ultrasound scanner 
as the reference standard in terms of its validity in 
detecting LOP in the lower extremity. Additionally, 
the intra-rater (test-retest), intra-day reliability was 
determined for both the HH oximeter and the Dop-
pler ultrasound. It was hypothesized that the HH 
oximeter would provide a valid and reliable method 
for detecting LOP in healthy adults.

METHODS
Design
This study was a concurrent validity and intra-rater 
(test-retest), intra-day reliability study between an 
HH oximeter with a graphical pulse frequency dis-
play and a pulse wave Doppler ultrasound scanner. 
The HH oximeter was compared with the Doppler 
ultrasound scanner in terms of its accuracy in deter-
mining the LOP in the lower extremity. The report-
ing of the study was in accordance with Guidelines 
for Reporting Reliability and Agreement Studies 
(GRRAS)17 and adhered to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guidelines for cross-sectional 
studies.18 

Participants
A convenience sample of 50 healthy participants was 
recruited from University College Absalon, Denmark. 
Inclusion criteria were participants aged between 18 
and 70 years, able to understand and speak Danish. 
Participants were excluded if they had a diagnosed 
cardiovascular or musculoskeletal disorder, used any 
medication, or were pregnant. All participants were 
informed of the procedures and any potential risks 
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before they gave their written informed consent. 
Ethical approval was obtained from the Committee 
for Medical Research Ethics in the Capital Region of 
Denmark (identification number: 17031344). 

Instruments 
The HH oximeter (CR-100 Handheld Pulse Oxime-
ter, Henzhen Coreray Technology Co., Ltd., China) 
displays the pulse (0-250 beats per minute (BPM)) 
rate with an interval of 1 BPM (Figure 1). The dis-
played hemoglobin saturation (SpO2) was not used.

A portable high-resolution color pulse wave Dop-
pler ultrasound scanner (SonoSite S-MSKTM, FUJI-
FILM SonoSite, Inc., United States) was used, with 
the depth set at 2.5 cm (Figure 2). Selection of an 
auscultatory Doppler signal was not possible on this 
device.

Data Acquisition Set-up
The measurements were taken in a quiet and 
temperature-controlled room (21–24o C). The test 
leg was randomly chosen by flipping a coin. The 
participants were positioned in an upright sitting 
position with back support, with their legs hanging 
freely over the edge of an examination couch. A 
20 cm-wide (Heine Gamma® XXL LF, Thigh, HEINE, 
Optotechnik GmbH & Co., Herrsching, Germany) 
nylon cuff was placed around the most proximal 
part of the thigh. The two raters were blinded visu-
ally and auditorily from each other by a curtain 
and the use of earmuffs (Figure 3). The foot and 
instruments were cleaned with alcohol and allowed 

to dry before each test. One of the raters attached 
the adult-size finger clip SpO2 connected to the 
HH oximeter to the tip of each participant’s sec-
ond toe. The other rater located the dorsalis pedis 
artery by palpation, lateral to the extensor hallucis 
muscle-tendon over the navicular bone, and placed 
the transducer of the Doppler ultrasound perpen-
dicular to the skin, in a water-soluble gel. The data 
recorder inflated the thigh cuff with a sphygmo-
manometer attached (Heine Gamma® G5, HEINE, 
Optotechnik GmbH & Co., Herrsching, Germany) 
to a starting pressure level of 80 mmHg and added 
5 mmHg every 10 seconds until both raters sig-
naled that they had registered the LOP, as indi-
cated by lifting their hands. This implied that the 
raters measured the LOP simultaneously. The data 
recorder noted the level of LOP recorded by each 
rater. The cuff was deflated and removed; each par-
ticipant then walked around in the room for two 
minutes. After a rest period of two minutes, the test 
procedure was repeated on the same leg. Between 
testing sessions, the participants were given a 
break of approximately five minutes in total. Thus, 
the intra-rater LOP was measured for both the HH 
oximeter and the Doppler ultrasound. 

The participants rated their thigh pain on a numeric 
rating scale (NRS)19 ranging from 0 (”no pain”) to 10 
(”worst possible pain”) points, and they rated their 
level of perceived exertion on a Borg RPE (ratings of 
perceived exertion) scale20 ranging from 6 (“no exer-
tion at all”) to 20 (“maximal exertion”) points. Thigh 
pain at rest was rated without the cuff before and 
after each test session. Thigh pain and perceived 
exertion during the occlusion were rated immedi-
ately after the occlusion, as the recall of pain and 

Figure 1. Illustration of A) the handheld (HH) oximeter dis-
playing hemoglobin saturation of 100%, a pulse rate of 58 beats 
per minute, and regular sinus curves at the bottom of the screen, 
B) the HH oximeter showing the transition phase with limited 
arterial blood fl ow to limb occlusion (LOP) indicated by the fl at 
line with no sinus curves, and C) the HH oximeter shows LOP.

Figure 2. Illustration of A) the portable high-resolution color 
pulse wave Doppler ultrasound scanner, B) blood fl ow through 
the dorsalis pedis artery visualized as a red pulsation with the 
2D visual Doppler function, and C) the same participant dis-
plays limb occlusion pressure indicating no arterial blood fl ow 
denoted by the red arrow.
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perceived exertion during the occlusion. This test 
procedure was repeated on the same leg.

Statistical Analysis
QQ-plots and histograms of the test-retest and HH 
oximeter-Doppler ultrasound residuals were visu-
ally examined for normal distribution. Normalized 
and categorical data were analyzed using para-
metric  and non-parametric statistics, respectively. 
Concurrent validity between the HH oximeter and 
the Doppler ultrasound was assessed by a) inspect-
ing scatter plots, with a fitted regression line of the 
sum of least squares; b) performing a simple linear 
regression to determine the Pearson correlation 
coefficient; and c) conducting an unpaired t-test 
to investigate potential differences between the 
means of the HH oximeter and the Doppler ultra-
sound. Bland-Altman plots with associated 95% of 
limits of agreement (LoA) were used to assess the 
agreement between the two methods of measur-
ing LOP. A 95% LoA (mean difference between HH 
oximeter and Doppler ultrasound ± 1.96 SD of the 
difference) was considered acceptable if the 95% 
LoA was ± 20 mmHg LOP. Finally, the differences 
between the test session and the retest session in 
terms of thigh pain and perceived exertion were 
non-normally distributed and were analyzed using 
the Wilcoxon matched pairs signed rank test. Linear 
relationships (correlation coefficient, R) between 
0.40 and 0.69, 0.70 and 0.89, and 0.90 and 1.00 were 
interpreted as moderate, strong, and very strong, 

respectively.21 Relative intra-rater (test-retest) reli-
ability was assessed using the intraclass correlation 
coefficient (ICC2.1, 2-way random effects, absolute 
agreement, single rater/measurement) with the 
corresponding 95% confidence interval (CI). Abso-
lute intra-rater (test-retest) reliability was assessed 
using the standard error of measurement (SEM), 
calculated as SEM error of mean sumof squares= † † † † † †,
from a two-factor repeated measures analysis 
of variance (ANOVA), and the smallest detect-
able change (SDC) (95% CI) was calculated as 
SDC SEM= × × √1 96 2. . ICC values of less than 0.5, 
between 0.5 and 0.75, between 0.75 and 0.9, and 
greater than 0.90 were considered indicative of poor, 
moderate, good, and excellent reliability, respec-
tively.22 For both the HH oximeter and the Doppler 
ultrasound, paired t-tests investigated the systematic 
differences between test sessions (test-retest), and 
Bland-Altman plots evaluated the heteroscedastic-
ity of the test sessions by examining whether the 
magnitude of test session differences was related 
to the means of the two test sessions. The level of 
significance was set at an alpha level of p < 0.05. 
On the basis of previous work,23 a sample size of 50 
participants was known to be required to achieve 
80% power, 5% type 1 error, an expected ICC of 0.9, 
and a minimum acceptable ICC of 0.75.22 A total of 
50 participants were therefore included. Stata 15.1 
(StataCorp LLC, TX, United States) was used for all 
the statistical analyses.

RESULTS
Fifty-two eligible participants volunteered to 
participate in this study. Two participants were 
excluded: One participant’s data could not be used 
due to a technical registration error of the limb 
occlusion pressure, and one participant experi-
enced dizziness during testing. Thus, 50 partici-
pants, 28 males (56%), were included in the study 
(Table 1). Seven of the participants (14%) had pre-
viously tried limb occlusion as part of a blood flow 
restriction exercise.

Validity
The scatter plots (Figure 4) and simple linear regres-
sion revealed a strong linear relationship between 
the two measurement methods in both the test ses-
sion (r = 0.86, 95% CI 0.76-0.92, p < 0.001) and the 

Figure 3. Data collection setup. The two raters monitor the limb 
occlusion pressure on the Doppler ultrasound (A1) and the hand-
held oximeter (A2), respectively, on a participant (P), while the 
data recorder (DR) manages and registers the pressure of the cuff.
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retest session (r = 0.84, 95% CI 0.73-0.91, p < 0.001), 
indicating strong concurrent validity.

The mean LOP measured with the HH oximeter was 
not significantly higher than the mean LOP mea-
sured with the Doppler ultrasound in either the test 
(p = 0.13) or the retest (p = 0.10) session (Table 2). 

Bland-Altman plots illustrating the agreement 
between the HH oximeter and the Doppler ultra-
sound as methods for measuring LOP are presented 
in Figure 5. The 95% LoA is expressed as the mean 
difference (± 1.96 SD). The two methods of measur-
ing LOP had a mean difference of 6.3 mmHg in the 
test session (LoA: -16.2 to 28.8) and a mean differ-
ence of 5.4 mmHg in the retest session (LoA: -13.3 
to 24.1).

Reliability
The average LOP recorded by the HH oximeter was 
5.7 mmHg higher in the test session (179 mmHg) 
than in the retest session (173.3 mmHg), indicating 
a systematic difference between the test sessions
(p  = 0.005) (Table 2). A similar systematic differ-
ence (p  = 0.003) was also found for the Doppler 
ultrasound, which recorded an average LOP that was 

4.8 mmHg higher in the test session (172.7 mmHg) 
than in the retest session (167.9 mmHg). The rela-
tive intra-rater (test-retest), intra-day reliability 
achieved by the HH oximeter and the Doppler ultra-
sound was moderate (ICC = 0.72) and good (ICC = 
0.79), respectively. Both the HH oximeter and the 
Doppler ultrasound achieved acceptable absolute 
reliability (SEM = 10 and 8 mmHg, and SDC = 27 
and 22 mmHg), respectively. (Table 3).

Pain and Perceived Exertion 
No difference between the test and retest session 
was observed in terms of the level of thigh pain or 
perceived exertion (Table 4).

Table 1. Summary of participant characteristics 
(n=50)

Figure 4. Scatterplots with fi tted simple linear regression lines 
of handheld (HH) oximeter and Doppler ultrasound relationship 
in measuring limb occlusion pressure at the left) test and right) 
retest session.

Table 2. Summary measures and differences in limb 
occlusion pressures for handheld (HH) oximeter and Doppler 
ultrasound between test-retest sessions (n=50)

Figure 5. Bland Altman plots of the handheld oximeter and 
Doppler ultrasound method comparison in measuring limb 
occlusion pressure a) test and b) retest session. The red lines indi-
cate the 95% limits of agreement.
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DISCUSSION
This study compared an HH oximeter with a high-
resolution color pulse wave Doppler ultrasound 
scanner in terms of its validity in determining the 
LOP in the lower extremity in healthy participants. 
Furthermore, the intra-rater (test-retest), intra-day 
reliability of the HH oximeter and Doppler ultra-
sound in determining LOP was evaluated. 

The main findings were as follows: 1) the HH oxim-
eter provides a valid measurement in determining 
LOP in healthy participants; 2) the HH oximeter and 
the Doppler ultrasound exhibited moderate intra-
rater (test-retest) reliability and measurement error 
in measuring LOP; and 3) a systematic difference 
was found between the test and retest sessions for 
both the HH oximeter and the Doppler ultrasound.

Explanation of results and comparison with 
other studies
Validity

Strong linear relationship and no significant differ-
ence were found between the HH oximeter and the 

Doppler ultrasound. Although the 95% LoAs (the 
range within which 95% of the differences between 
measurements by the HH oximeter and the Dop-
pler ultrasound fell) were wide, they were consid-
ered acceptable (≈ ± 20 mmHg).24 The reason for 
the variation between the HH oximeter and the Dop-
pler ultrasound seems to be multifactorial. First, the 
recorder incrementally increased the pressure in 
the cuff by 5 mmHg manually while simultaneously 
assessing a potential pulse stop indicated by the rat-
ers’ hands. As an alternative, a person focusing only 
on increasing the pressure in the cuff could have 
increased the agreement between the HH oximeter 
and the Doppler ultrasound.  Second, an easy-to-
use, relatively inexpensive, and portable inflatable 
cuff system with a standard sphygmomanometer 
widely used in clinical practice was pragmatically 
chosen. To enhance the clinical applicability to 
rehabilitation programs using BFR open-chain knee-
extensions (i.e. quadriceps strength exercises), the 
participants were seated with the cuff placed around 
the most proximal part of the thigh. A small move-
ment of the thigh could have changed the pressure 
measured by the sphygmomanometer. Third, it took 
approximately eight seconds for the HH oximeter to 
detect a change in pulse rate and, thus, a pulse stop. 
As the Doppler ultrasound measured a pulse stop 
instantly, a discrepancy in LOP recordings may have 
occurred. 

The validity of LOP in the lower extremity has been 
executed on similar and more costly devices, such as a 
pulse oximeter (Zimmer Biomet,  Warsaw, IN, USA),16 
a handheld auscultatory Doppler ultrasound,15 
a distal-sensor-based automatic measurement 

Table 3. Intra-rater (test-retest), intra-day reliability for the 
handheld (HH) oximeter and the Doppler ultrasound

Table 4. Thigh pain and perceived exertion during the test and retest 
session
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technique,25 and a personalized tourniquet instru-
ment with the dual purpose of controlling limb pres-
sure and measuring pulse.26 All the studies using 
auscultatory Doppler ultrasound as a gold standard, 
except for the study using a pulse oximeter, reported 
no systematic differences between their device and 
the Doppler ultrasound.16 The distal-sensor-based 
technique25 and the personalized tourniquet system26 
achieved similar 95% LoAs of ≈ ± 18 mmHg and ≈ ± 
26 mmHg (outliers removed), respectively; mean-
while, a HH Doppler ultrasound achieved slightly 
more favorable results with a better agreement (95% 
LoA of ≈ ± 13 mmHg) than in the present study.15 
In the study by Zeng et al, LOP was assessed after 
the participants were allowed 15 minutes of rest in 
a supine position.15 The better agreement may be 
attributable to both a longer resting period prior to 
the assessment of LOP and the supine position of 
the participants. Finally, the pulse oximeter demon-
strated a substantial disagreement, 95% LoA of ≈ ± 41
mmHg (outliers removed), which was primarily 
explained by epidermal thickness at the sole of the 
first toe, temperature changes, and nail polish.16 

This indicates that the HH oximeter is comparable 
to other, more expensive and sophisticated devices, 
and more acceptable than a similar pulse oximeter, 
in terms of validity in detecting LOP. 

Reliability
There was a significant difference between the test 
session and the retest session in terms of the LOP 
recorded by both the HH oximeter and Doppler ultra-
sound. The variability between multiple readings of 
blood pressure assessment has been described pre-
viously,27 and blood pressure readings are higher in 
the clinical setting than at home.28 This has been 
ascribed to the alerting response, anxiety, and/or a 
conditional response to an unusual situation, such 
as the first-time determination of LOP.29 At least two 
blood pressure recordings are recommended when 
the measurements are being taken in a clinical set-
ting. If the first two readings differ by > 10 mmHg, a 
third blood pressure measurement should be taken. 
The blood pressure should be recorded as an aver-
age of the last two readings.28 Additionally, a study 
found that the LOP in the upper arm changed by up 
to 20 mmHg within a day and between days, and 
the authors of the study emphasized the necessity 

of taking multiple LOP measurements to account 
for the influence of time30. The relative intra-rater 
(test-retest), intra-day reliability of the HH oxim-
eter (ICC = 0.72) was moderate and slightly lower 
than that of the Doppler ultrasound (ICC=0.79). 
Similar findings were observed for the absolute reli-
ability, where the measurement error for the HH 
oximeter at the individual level (SDC = 27 mmHg) 
was slightly larger than for the Doppler ultrasound 
(22 mmHg). 

Both the relative and absolute intra-rater (test-retest) 
reliability of similar devices in determining LOP23, 31 
have been evaluated in studies with small sample 
sizes (n < 20).

For a handheld Doppler ultrasound with an auto-
matically pressure-adjusted system and a personal-
ized tourniquet instrument with the dual purpose 
of controlling limb pressure and measuring pulse, 
the relative reliability was found to be good (ICC = 
0.8) and excellent (ICC = 0.95-0.98), respectively, 
and the absolute reliability (coefficient of variance 
(CV)) was found to be 5.5% and ≈ 2% to 3%, respec-
tively.23,31 The CV in the present study was 3.3% (not 
reported in the results section). Unfortunately, the 
SDC was not reported in these two other studies, 
which represents the measurement error at an indi-
vidual level in the actual units (mmHg) of the mea-
surement. The SDC is easier to interpret in clinical 
practice.32 

Study Limitations and Strengths
The present study population consisted of healthy 
and primarily young subjects. Because validity and 
reliability are population-specific, the findings may 
not be extrapolated to populations with musculoskel-
etal disorders (e.g., older patients with leg injuries). 
This seems relevant, as it has been proposed that the 
measurements provided by an HH oximeter could 
be dependent on variables such as cold digits or poor 
peripheral circulation in the leg.33 The experimental 
set-up with a tester who simultaneously inflated the 
cuff and recorded the pulse stops could have caused 
the variation in measurements. To avoid the system-
atic bias between test and retest trials (reliability) for 
both the HH oximeter and the Doppler ultrasound, 
several tests or “practice” trials of the LOP should 
have been performed to reach stable measurements. 
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Future research is needed to determine the reliability 
and validity of the oximeter with a LOP measurement 
protocol consisting of at least two to three subsequent 
measurements with intervals of one to two minutes 
between tests. Finally, one participant was excluded 
due to a faulty reading of the LOP by the rater, and 
one participant withdrew due to psychological fac-
tors (dizziness). In a retrospective survey examin-
ing the side effects of BFR, dizziness was reported 
in a limited number of cases (two out of 12642 per-
sons).12 On average, the participants in the present 
study  perceived LOP determination as fairly light 
(Borg-exertion ≈ 12 points)20 and thigh pain as mild 
(NRS-pain ≈ 3 points),19,34 indicating that the deter-
mination of LOP using an HH oximeter can be con-
sidered safe. 

Clinical Applicability
An HH oximeter with a portable inflatable cuff sys-
tem and a sphygmomanometer is an acceptable, valid 
device for estimating limb occlusion pressure in the 
lower limb in healthy participants. In accordance with 
previous research, the participants’ average LOP was 
5.7 mmHg higher (≈ 3%) in the first test (179.0 mmHg) 
than in the retest session (173.3 mmHg), indicating a 
systematic difference. Therefore, it is recommended 
to perform at least two measurements to determine 
LOP with a one-minute time interval between mea-
surements. A 10 mmHg difference between readings 
would necessitate a third measurement. It is proposed 
taking an average of the last two readings.28 An advan-
tage in clinical use would be that after the determina-
tion of the LOP, the participants/patients would not 
have to remove the portable inflatable cuff system, as 
the same system is used when engaging in BFR exer-
cise for the lower extremity, such as knee extensions. 
In this study, it must be addressed that the HH 
oximeter was used to determine the LOP in relation 
to blood flow restriction exercise, not for the diagno-
sis of hypertension28 or levels of tourniquet inflation 
pressure in orthopedic surgery.26 A primary concern 
is that high LOP can completely occlude the arte-
rial blood flow, thus imposing discomfort and a risk 
to the safety of the patient/participant during BFR. 
There is a likelihood that adverse events associated 
with BFR have been under-reported in the literature. 
Second, in order to determine the effectiveness of 
BFR in different populations, the dose response 

to different relative LOPs during BFR needs to be 
explored further. Therefore, the determination of 
LOP is vital and must occur before clinicians pre-
scribe a BFR exercise protocol.

CONCLUSION
The HH oximeter is a valid and reliable measuring 
device for determining the LOP in the lower extrem-
ity in healthy adults. A systematic decrease was 
found from the test to the retest session; therefore, 
it is recommend taking at least two LOP measure-
ments with a one-minute rest interval. An additional 
measurement should be taken if the first two read-
ings differ by more than 10 mmHg. It is proposed 
that the average of the last two readings should be 
used as the LOP.
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